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ABSTRACT

A case-study involving 56 randomly
selected beef herds in Alberta was

conducted to assess the association of
a number of suspected risk factors
upon the odds of a high mortality from
diarrhea among calves less than 30
days of age. Using stepwise logistic
regression it was found that an

increased percentage of heifers calving
in the herd, poor drainage in the
nursing area, providing limited shelter
in the nursing area, a large calving
area, and wintering cows and heifers
on the same ground were condition-
ally associated with an increase in the
odds of high mortality from neonatal
diarrhea.

RESUME

Une etude conduite en Alberta a

partir de 56 troupeaux de bovins de
boucherie a ete menee afin de
determiner les relations entre les
facteurs favorisant la diarrhee et les
hauts taux de mortalite chez des veaux
ages de 30 jours et moins atteints de
cette maladie. A l'aide d'une regres-
sion logistique, il a ete demontre qu'un
grand nombre de primipares, dans un

troupeau, qu'un mauvais drainage et
que peu d'abris dans l'aire ou les
vaches allaitent ainsi que le fait de ne

pas separer les vaches adultes des
taures durant la periode hivernale
s'averent des facteurs importants
retrouves lors d'episodes de diarrhee
neontale avec les hauts taux de
mortalite. (Traduit par Dr Pascal Dubreuil).

INTRODUCTION

Diarrhea in beef calves less than 30
days of age is a major cause of
neonatal mortality in western Canada
(1,2). Over a three year period the
average incidence of diarrhea, mortal-
ity and case fatality rates associated
with diarrhea were 16.7%, 1.51% and
9.02% respectively in calves under 30
days of age (1). In another survey the
incidence of neonatal diarrhea was

21.98%, with a mortality rate of 3.06%
and a case fatality rate of 13.96% (2).
In both surveys, between 70 and 80%
of all herds experienced some diarrhea
in the neonatal period but 65% of these
herds had no mortalities from calf
diarrhea.
The prevention of acute neonatal

diarrhea in beef calves is difficult to
achieve due to the large number of
etiological agents and management
factors that have been related to its
occurrence. The incidence of diarrhea
in beef calves may be reduced by
increasing the specific resistance of
newborn calves and by reducing the
concentration of pathogens in the
environment (3). The use of a vaccine
against enterotoxigenic Escherichia
coli gave effective protection against
death from this organism in experi-
mental and field studies (4,5). Recent
vaccines against some viral agents
have been shown to increase colostral
antibody titers, produce seroconver-
sion (6,7) and reduce the incidence of
rotavirus diarrhea in field trials
(6,8,9).

Little conclusive information has
been published on the effect of various

management practices upon the
occurrence of death due to neonatal
diarrhea in beef herds. The objective
of this study was to evaluate the
influence of a number of predeter-
mined risk factors on the occurrence

of a high mortality rate from neonatal
diarrhea in beef cow-calf operations
using the case-control study method.

MATERIALS AND METHODS

STUDY POPULATION

A survey was performed of beef
cow-calf operations in the province of
Alberta. The initial sampling units
were the veterinary practices in the
province that serviced beef cow-calf
units. From the list of all veterinary
practices with beef cow-calf clients,
ten practices were randomly selected
by means of a computerized random
number generator. The practices were

located in Bassano, Brooks, Innisfail,
Lac La Biche, Mayerthrope, Peace
River, Red Deer, Spruce Grove,
Stettler and Wainwright. An alpha-
betically ordered list of all cow-calf
clients was obtained from each
practice. During the last three weeks
of May 1988, every second cow-calf
operation was contacted by telephone.
During the telephone interview the
number of cows calved and yet to
calve, the number of calves born, the
number of calves dead from diarrhea
before 30 days of age and the
approximate age when calves started
to scour, was collected. In total, 686
farmers were contacted; approxi-
mately 50 of the selected farmers could
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not be reached or were no longer in the
cow-calf business.
The mortality rate in each farming

unit was calculated as the number of
calves dying with diarrhea before 30
days of age divided by the total
number of calves born. These results
did not necessarily represent the final
mortality rates because the calving
season was not completed in a number
of the operations and, at the time of
the telephone interview, not all of the
calves had reached 30 days of age.

Based on the data gathered during
the telephone survey, a case-control
study was designed to explore the
relationship between the risk factors
and the occurrence of a high mortality
due to diarrhea on beef farms. A case
was defined as a farm with a herd of 40
or more bred females and a mortality
rate of greater than 4% from calf
diarrhea in calves less than 30 days of
age. Twenty-nine farms fulfilled these
requirements. The owner of one case
farm was not prepared to participate
in a personal interview and this farm
was eliminated from the study.
Twenty-eight control farms were
randomly selected from farms with a
herd size of 40 or more females and a
0% mortality rate from calf diarrhea in
calves less than 30 days of age at the
time of the telephone interview. To
reduce potential confounding every
case farm within a given veterinary
practice was matched with a control
farm that was randomly selected from
the farms in the same practice.
The mortality rate from diarrhea in

calves less than 30 days in all farms
was recalculated using the data from
the final questionnaire. One of the case
farms was eliminated from the study
because the mortality rate of 1.15%
was inconsistent with that given
during the telephone survey. In four
other case farms, the mortality rate
dropped from above 4% at the time of
the telephone interview to just below
3%. In two control farms the mortality
rate increased to 1.16 and 1.72%
respectively. For the final analysis,
case farms were defined as those farms
having 40 or more bred females and a
diarrhea specific mortality rate in
calves younger than 30 days of age
greater than 4% based upon the
telephone interview and greater than
2% based upon the personal interview.
A control farm was defined as a farm

with a herd of 40 or more bred females,
a mortality rate due to diarrhea in
neonatal calves of 0% based upon the
telephone interview and less than 2%
based upon the personal interview.

DATA COLLECTION

All farms were visited during the
month of June 1988. A personal
interview was conducted using a 48-
question survey on factors related to
the management of the cow-calf herd
before, during and after calving. In the
majority of interviews neither the
facilities nor the cattle were seen. After
completion of the interviews the
questionnaires were coded, the data
entered into a computer and the
database checked against the original
records. A copy of the questionnaire
may be obtained from the senior
author.

DATA ANALYSIS

The Statistical Analysis System (10)
was used to verify the data, generate
the descriptive statistics and assess the
normality of the distributions of the
continuous variables.
The number of calving and nursing

areas used during the 1988 season
varied from one to five per farm.
Based upon the number of cows,
weighted averages for the total area,
shelter area and the area poorly
drained were calculated for the calving
and nursing areas. The number of first
calf heifers in the herd was expressed
as a percentage of the total number of
females in the herd. In assessing the
effects of wintering and calving heifers
and cows together, farms without
heifers were classified with those farms
that did not winter and calve cows and
heifers together. Colostrum intake
was subjectively judged on a descrip-
tion by the farmer as to how he
evaluated the intake of colostrum for
each calf.

Pooled variance Student's t-tests for
continious variables and the chi-
square analysis for categorical varia-
bles were performed to measure the
simple associations between the risk
factors listed in Table I and the
occurrence of a high rate of neonatal
mortality in beef herds (10).

Stepwise, logistic regression was
used to examine the combined effects
of a set of a priori hypotheses upon a
high mortality rate from diarrhea in

neonatal calves (11). The variables
representing the set of a priori
hypotheses are indicated by an asterix
in Table I. Variables were allowed to
enter the logistic model if they
explained a significant portion of the
variation with a p < 0.10. The p-value
for removal of variables from the
model was set at p > 0.10. Brown's
statistic was used to assess the
adequacy of the logistic model for the
data. The Hosmer-Lemeshow good-
ness of fit chi-square statistic was
calculated to evaluate how well the
data fit the model.

RESULTS

SIMPLE ASSOCIATIONS

The simple associations between
each variable of interest and the
occurrence of a high mortality due to
calf diarrhea are presented in Tables II
and III. The odds of a high mortality
due to diarrhea was 3.6 times greater
on farms that wintered cows and
heifers together as compared to those
farms where these groups were
wintered separately. Wintering and
calving animals on the same ground
increased the odds of a high mortality
from diarrhea by a factor of 3 (p =
0.08). Farms buying replacement
calves less than four weeks of age for
cows who lost their calves had a 4.3
times greater odds of high mortality
compared to farms not buying young
calves.
The percentage of heifers in the herd

was significantly greater in case as
compared to control herds (p = 0.003).
Case herds had an average of 23%
heifers as compared to 13% in control
herds. On average, calving on case
farms began two weeks in advance of
calving on control farms (p = 0.06).
The mean duration of the calving
season on case farms was 86 days as
compared to 58 days on control farms
(p = 0.002). An increase in the
percentage of the nursing area that
was poorly drained was associated
with an increase in the probability of a
high mortality from diarrhea (p =
0.08).

In case farms the first calf started
scouring after a mean of 33 cows had
calved with an overall morbidity rate
of 34% compared to 10% in control
herds, where diarrhea occurred after a
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TABLE I. Description and definition of variables used in the analysis of data related to diarrhea
mortality in 55 case and control farms

Variable Definition

Total animalsa
New heifers

Heifer percentagea
E. coli vaccinationa

Viral vaccinationa

Vitamin supplementationa

Cows and heifers wintered
on the same grounda
Animals wintered and calved
on the same grounda
Cows and heifers calved
on the same grounda
Calving starteda
Calving season length

Calving areaa
Poor drainage in calving areaa

Shelter area in calving areaa
Calving staya

Nursing areaa
Poor drainage in nursing areaa

Shelter area in nursing areaa
Colostrum intakea

Replacement calves

# cows calved diarrhea started
Total diarrhea morbidity rate
Total morbidity rate < 10 d

Heifer diarrhea morbidity rate
Cow diarrhea morbidity rate
Total diarrhea mortality rate
Total mortality rate < 10 d

Heifer diarrhea mortality rate
Cow diarrhea mortality rate

Total number of females calving in the 1988 season
Total number of heifers introduced on to the farm between
breeding and calving
The percentage of heifers in the cow herd
Escherichia coli vaccination status prior to the start of the
calving season
yes = vaccination
no no vaccination
Rota/corona vaccination status prior to the start of the calving
season
yes vaccination
no no vaccination
Cows and heifers received supplemental vitamin A, D, E in the
feed and/or by injection during the winter
yes/ no
Cows and heifers wintered on the same ground
yes/ no
Animals wintered and calved on the same ground
yes/ no
Cows and heifers calved on the same ground
yes/ no
The date when the first calf was born
The number of days until 90% of animals had calved as an
indicator of the length of the calving season
Calving area per cow in square metres
The percentage of the calving area poorly drained for more than
three days
The shelter area per cow in square meters in the calving area
The number of days animals stayed in the calving area after they
calved
Nursing area per cow in square meters
The percentage of the nursing area poorly drained for more than
three days
The shelter area per cow in square meters in the nursing area
good = calves received adequate colostrum within 6 h after birth
questionable = calves did not receive adequate colostrum within
6 h after birth
Farmers bought calves less than four weeks of age from auction
market or dairies
yes/ no
The number of cows that had calved before the first calf scoured
The overall morbidity rate from diarrhea on each farm (%)
The overall morbidity rate from diarrhea in calves less than ten
days of age (%)
The morbidity rate from diarrhea in calves born to heifers (%)
The morbidity rate from diarrhea in calves born to cows (%)
The overall mortality rate from diarrhea on each farm (%)
The overall mortality rate from diarrhea in calves less than ten
days of age (%)
The mortality rate from diarrhea in calves born to heifers (%)
The mortality rate from diarrhea in calves born to cows (%)

aVariables used in the logistic regression analysis

mean of 70 cows had calved. Twenty-
two percent of calves in case farms
scoured before ten days of age whereas
control farms only had a4% morbidity
rate from diarrhea in the same time
span. In case farms 51% of the calves
born to heifers scoured compared to
28% of the calves born to cows. The
same trend was seen in the control
herds with 20% and 8% of the calves
scouring respectively. The overall
mortality rate from diarrhea in case
farms was 6.24% compared to 0.14%

in the control herds during the first
thirty days of life. During the first ten
days of life 4.42% of calves born on
case farms died from neonatal
diarrhea, while 0.08% of calves on
control farms died during the same
time period (p < 0.0001). Calves
born to heifers had a 14.88%
mortality in comparison to 4.27% in
calves born to cows in case herds (p <
0.06). In control farms the respective
values were 0.44% and 0.07% (p >
0.1).

CONDITIONAL ASSOCIATIONS

The variables made available for
selection in the logistic regression
model were selected to test a set of a
priori hypotheses which were based on
recommendations that are commonly
made to beef cow-calf producers who
wish to reduce the morbidity and
mortality of neonatal diarrhea. Due to
the presence of some missing values
associated with these variables two
case and two control farms were lost
from the analysis. The final analysis
was based upon data from 25 control
and 26 case farms.
The variables entering the final

model for predicting the likelihood of
a calf diarrhea mortality problem are
listed in Table IV. Wintering cows and
heifers on the same ground condition-
ally increased the odds of high
mortality by 6.5 times (OR = 6.47, p =
0.05). An increase in the percentage of
the heifers in the herd (OR = 1.21, p =
0.01), the size of the calving area
available per cow (OR = 1.001, p =
0.03) and the percentage of the nursing
area that was poorly drained (OR =
1.43, p = 0.004) also increased the odds
of being a case farm. Increasing the
amount of shelter per cow-calf pair in
the nursing area was conditionally
associated with a decrease in the odds
of high mortality (OR = 0.998, p =
0.006).
The final model is summarized in

Table V. The p-value for the Brown
statistic (p = 0.84) indicated that the
logistic model was appropriate for the
data. The Hosmer-Lemeshow good-
ness of fit chi-square had a p-value of
0.42, indicating that the predicted
values fit the data moderately well.

DISCUSSION

The telephone survey proved effec-
tive in reaching a random sample of
the beef cow-calf clients suitable for
selection as study subjects in the
subsequent case-control study. The
farms with a mortality rate above 4%
from neonatal diarrhea represented
only 4% of the 686 farms surveyed.
The farms with a mortality rate of 0%
from diarrhea represented 79% of the
farms contacted by telephone and the
remaining 17% of farms had a
mortality rate between 0% and 4% due
to diarrhea.

368



TABLE II. Categorical variables related to diarrhea mortality in 55 case and control farms

Variable Casesa Controlsa ORb 95% CLc p value

E. coli vaccination
yes 4 6 0.64 0.16, 2.57 nSd
no 23 22

Viral vaccination
yes 3 6 0.46 0.10, 2.06 nsd
no 24 22

Vitamin supplementation
yes 23 27 0.21 0.02, 2.04 0.I9d
no 4 1

Cows and heifers wintered on the same ground
yes 18 10 3.60 1.18, 10.95 0.04
no 9 18

Animals wintered and calved on the same ground
yes 18 11 3.09 1.03, 9.31 0.08
no 9 17

Cows and heifers calfed on the same ground
yes 13 10 1.67 0.57, 4.92 ns
no 14 18

Colostrum intake
good 22 27 0.16 0.02, 1.50 0.lOd
questionable 5 1

Replacement calves
yes 13 5 4.27 1.25, 14.57 0.04
no 14 23

aCases are the number of farms with a mortality rate from diarrhea > 2%. Controls are the number
of farms with a mortality rate from diarrhea < 2%
bOR = adjusted odds ratio with the OR of the comparison category set equal to 1. Values greater than

1 indicates the factor predisposes to death from calf diarrhea, values less than 1 indicate a sparing
effect
CCL = 95% precision based confidence limits for the odds ratio
dp value calculated by Fischer's exact test
ns = Nonsignificant at a p-value > 0.2

SIMPLE ASSOCIATIONS

Parenteral vaccination of pregnant
females in the last trimester against
Escherichia coli and/or viral diarrhea
was not associated with a significant
decrease in the odds of a high mortality
rate from diarrhea in calves less than 30
days of age. However our study was not
suited for the examination of this
relationship. A larger study that
accounted for the influence of mortality
rate on individual farms in previous
years would be required to adequately
assess the effect of vaccination. In other
experimental and field trials the
parenteral immunization of the preg-
nant dam with Escherichia coli antigens
increased colostral and milk antibody
levels and protected the nursing calves
against Escherichia coli diarrhea
(4,5,12,13). Under experimental condi-
tions, passive immunity did protect
neonatal calves from viral diarrhea
(14,15). Earlier field trials showed
varying results with a viral vaccination
program in pregnant dams (6,16), but
the most recent European vaccines
reduced the occurrence of rotavirus
diarrhea in field trials (6,8,9).

Wintering cows and heifers on the
same ground was associated with an
increase in the odds of being a case
farm. Calving on the wintering ground
was also more common on case farms.
These two practices tended to be
employed together and it seems
probable that this combination lead to
increased levels of contamination on
the calving ground prior to or early in
the calving season. Considered by
itself, the practice of calving cows and
heifers together also tended to increase
the odds of being a case farm but this
association was not statistically
significant. The reason that this
association was not significant may be
due to the fact that some farms that
calved cows and heifers together did
not follow the practices of calving on
the wintering ground and/ or wintered
cows and heifers together.
Numerous studies demonstrated a

relationship between the morbidity
and mortality from neonatal calf
diarrhea and an adequate early intake
of colostrum (17-20). The passive
transfer of colostral immunoglobulin
is influenced by the mass of immuno-

globulin fed (21), the volume of
colostrum ingested with low immuno-
globulin concentrations and the time
after birth to first colostrum intake
(21). The sucking drive and vigor of
the calf, the conformation of the udder
and teats and poor mothering influ-
ence the effective intake of adequate
colostrum (21). In this study adequate
colostrum intake tended to decrease
the odds of mortality from diarrhea (p
= 0.10). Failure to detect a more
significant association between colos-
tral intake and mortality may be due
to the relatively crude definition of this
variable in our study.
The introduction of replacement

calves less than four weeks of age was
associated with an increase in the odds
of high mortality from diarrhea by a
factor of 4.3. Newly introduced calves
may have increased the level of
contamination in the calving or
nursing areas, resulting in an outbreak
of diarrhea. Alternatively, farmers
with calves dying from diarrhea may
have been more likely to buy
replacements.

This study did not support an earlier
survey indicating that diarrhea is more
likely to occur in larger herds (2). An
early start as well as a longer calving
season increased the likelihood of
being a case farm. It is probable that
early calving is associated with colder
weather conditions on farms in
western Canada. Exposure to cold
probably results in increased stress
and overcrowded shelter areas. An
extended calving season should result
in increased accumulation of manure
and contaminated bedding thus
increasing the risk of infection. It was
also interesting to note that cases of
diarrhea tended to occur earlier in the
calving season on case farms than on
control farms. Early contamination of
the calving area by diarrheic calves
would be expected to lead to a greater
number of newborn calves being
exposed and thereby increasing the
risk of disease in this circumstance.
CONDITIONAL ASSOCIATIONS

The application of management
principles to the prevention and
control of undifferentiated neonatal
diarrhea in the beef herd has been
suggested (3), even though we do not
have definitive evidence ofmany of the
epidemiological factors contributing
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TABLE III. Continuous variables related to diarrhea mortality in 5

Variable Na Mean SDb Min
Total animals

cases 27
controls 28

New heifers
cases 26
controls 22

Heifer percentage (%)
cases 27
controls 28

Calving started (date)
cases 27
controls 28 2

Calving season length (days)
cases 23
controls 28

Calving area (m2)
cases 27
controls 28

Poor drainage in calving area (%)
cases 27
controls 27

Shelter area in calving area (m2)
cases 27
controls 28

Calving stay, days
cases 27
controls 28

Nursing area (m2)
cases 27
controls 28

Poor drainage in nursing area (%)
cases 26
controls 28

Shelter area in nursing area (m2)
cases 26
controls 27

# cows calved diarrhea started
cases 26
controls 19

Total diarrhea morbidity rate (%)
cases 26
controls 28

Total morbidity rate < 10 d (%)
cases 26
controls 28

Heifer diarrhea morbidity rate (%)
cases 25
controls 22

Cow diarrhea morbidity rate (%)
cases 26
controls 28

Total diarrhea mortality rate (%)
cases 27
controls 28

Total mortality rate < 10 d (%)
cases 27
controls 28

Heifer diarrhea mortality rate (%)
cases 26
controls 22

Cow diarrhea mortality rate (%)
cases 27
controls 28

125 81
112 74

14 22
6 13

23 14
13 9

7/2/88
1/2/88

86
58

1448
700

9
10

231
138

34
24

26
25

34
20

20/12,
20/11,

2453
1174

18
13

518
340

38
28

2810 3765
3842 5412

10 18
3 6

388 582
844 1325

33
70

34
10

22
4

51
20

28
8

6.24
0.14

29
45

23
20

19
9

32
34

25
18

3.05
0.42

4.42 3.25
0.08 0.28

14.88
0.44

4.27
0.07

15.14
1.67

3.38
0.27

aN is the number of farms used to calculate the different indices
bStandard deviation
ns = Nonsignificant at a p-value > 0.2

2

;5 case and control farms to the syndrome. The factors tested in
the logistic regression analysis were

Range selected because they represent some
Max P value of the more common practices recom-

mended to farmers in order to reduce
38 348 ns the risk of diarrhea.

Stepwise logistic regression selected
0 90 0.14 five variables from among those listed
0 50 in Table I to distinguish between

affected and unaffected farms. The
0 53 0.003 percentage of first calf heifers in the0 30 herd was selected first. The odds ratio

(87 5/4/88 0.06 indicated that, with every percent
87 30/3/88 increase in the number of heifers in the

herd, the farm would be 1.2 times
26 157 0.002 more likely to have a mortality rate
31 116 from neonatal diarrhea above 2%. In

23 10653 0.16 this study the morbidity and mortality
13 4991 rate from diarrhea during the first 30

days of life in case farms in calves born
0 90 ns to heifers was 51% and 14.8%
0 44 respectively compared to 28% and
0 2195 ns 4.3% in the calves born to cows. In the
0 1623 control farms the morbidity and

mortality rate from diarrhea in calves
1 129 ns born to heifers was 20% and 0.44%
1 90 respectively compared to 8.2% and

23 16745 ns 0.07% for the calves born to cows.
56 28233 Acres also showed a higher morbidity

and mortality rate from diarrhea in
0 90 0.08 calves born to heifers (26.9% and
0 26 3.7%) than in calves born to cows (14.4

1 1831 0.11 and 1.17)(1).
0 5929 There are several possible explana-

tions for a higher mortality rate in
0 130 0.002 calves born to heifers. Heifers are

28 224 probably more closely confined

13 97 0.0002 during the calving season for better
0 76 observation and faster assistance at

parturition. These conditions may
0 79 0.000! lead to increased contamination of the
0 43 environment, belly and udder, and

0 100 0.002 thus place newborn calves at greater
0 100 risk. Closely confined calves born to

heifers may also have difficulty
0 100 0.002 locating and nursing their dams (1). In
0 74 addition, heifers have a higher

.21 16.28 0.0001 dystocia rate (22) which will result in
0 1.72 an increase in exhaustion, weakness

and swollen tongues in their calves. All
0 13.95 0.0001 of these conditions would be expected
0 1.16 to make nursing more difficult (1,23).
0 50 0.0W01 Heifers generally produce a lower
0 7.69 volume of colostrum than older cows,

and the quality of the colostrum is
0 14.29 0.0001 often inferior to that of cows (24). One
0 1.25 study showed that approximately an

equal percentage of cows and heifers
shed virus but that a higher percentage
of calves born to these heifers
developed signs of diarrhea (25). A
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TABLE IV. Variables related to mortality from calf diarrhea in the final model

Variable Ba ORb 95% Clc p value

Heifer percentage 0.188 1.21 1.04, 1.39 0.009
Calving area 0.000655 1.001 1.00004, 1.0013 0.03
Poor drainage in nursing area 0.358 1.43 1.118, 1.834 0.004
Shelter area in nursing area -0.00152 0.998 0.997, 0.999 0.006
Cows and heifers wintered on the 1.867 6.47 0.909, 46.00 0.049
same ground
aEstimated regression coefficient
bAdjusted odds ratio (OR = exp B)
c95% confidence limits for the odds ratio
(95% CI = exp(B ± 1.96* SE B)

TABLE V. The logistic regression model for predicting high neonatal mortality from diarrhea

ya = -5.87 + 0.188 heifer percentage + 0.000655 calving area + 0.358 poor drainage in nursing area -

0.00152 shelter area in nursing area + 1.867 cows and heifers wintered on the same ground

N = 51
HLGOFX2 b = 8.123 p = 0.422
BGOFX2 c = 0.339 p = 0.844

ay represents the predicted log odds of being a case
bHosmer-Lemeshow goodness of fit chi-square
cBrown goodness of fit chi-square

high incidence of severe diarrhea in
calves born to heifers may result in
marked environmental contamination
and this may increase the risk of
disease in calves born to cows that are
pastured in the same area.
As the proportion of the nursing

area which was poorly drained, wet
and muddy increased, so did the odds
of that farm becoming a case. For
every 1% increase in the area that was
poorly drained there was a 1.4-fold
increase in the odds of experiencing
high mortality from calf diarrhea. As
case and control farms were matched
within veterinary practice, the amount
of rain and snow on these farms
should have been similar. A poorly
drained area is likely to support the
survival of pathogens and to increase
the amount of contamination of the
nursing area.

Increasing the shelter area in the
nursing area helped protect against
calf diarrhea. The shelter area pro-
vided space for both cows and calves.
Shelter areas are especially important
for the calves which tend to lie down
frequently during the first two weeks
of life. Small shelters tend to become
crowded during bad weather. This
leads to increased opportunities for
disease transmission. Calves with no
shelter available will be more exposed
to inclement weather and tend to
spend more time lying down and less
time nursing.

The finding that large calving areas
were associated with a high risk of
mortality from diarrhea was unex-
pected. The mean calving area in the
case farms was twice as large as the
mean calving area in the control
farms. It is generally recommended
that the cow herd be kept as widely
dispersed as possible during the
calving season in order to reduce
environmental contamination and the
risk of pathogen transmission (3).
There are two possible reasons why an
increased calving area apparently
predisposed to a higher risk. Firstly,
cows may not have used all of the
calving area. This will happen if
animals are only bedded and fed on
one spot in the calving area or when
snow is not cleared adequately. It is
also possible that farmers experienc-
ing an increased incidence of diarrhea
in their calves may have dispersed the
animals in an attempt to control the
disease.
Farms wintering cows and heifers

together were 6.4 times more likely to
have a high mortality rate from
diarrhea. It is commonly recom-
mended that producers winter their
heifers and cows separately and the
results of this study support that
recommendation. Heifers wintered
separately can be managed better to
achieve their target calving weights.
The volume of colostrum production
is strongly influenced by the nutrition

during late pregnancy (26,27). As well,
wintering cows and heifers together
was highly and positively correlated (p
= 0.0001) with calving cows and/ or
heifers on the wintering ground. This
procedure is likely to result in
increased contamination of the calv-
ing ground.

In summary, we conclude that an
increased percentage of heifers calving
in the herd, providing limited shelter
in the nursing area, an increased
percentage of poorly drained ground
in the nursing area, and wintering
cows and heifers on the same ground
were associated with an increase in the
odds of high mortality from neonatal
diarrhea.

ACKNOWLEDGMENTS

The authors are most grateful to T.
Hart for her help in the initial phase of
this study. Drs. K. Armstrong, A.
Barth and C. Rhodes are thanked for
their enthusiastic support and useful
discussions.

REFERENCES

1. ACRES SD. The epidemiology of acute
undifferentiated neonatal diarrhea of beef
calves in Western Canada. PhD thesis,
University of Saskatchewan, 1976.

2. CHURCH TL. An analysis of production,
disease, and veterinary usage in selected
beef cow herds in Saskatchewan. MSc
thesis, University of Saskatchewan, 1978.

3. RADOSTITS OM, ACRES SD. The
prevention and control of epidemics of
acute undifferentiated diarrhea of beef
calves in western Canada. Can Vet J 1980;
21: 243-249.

4. ACRES SD, FORMAN AJ, KAPITANY
RA. Antigen extinction profile in pregnant
cows, using a K99-containing whole cell
bacterin to induce passive protection
against enterotoxigenic colibacillosis of
calves. Am J Vet Res 1982; 43: 569-575.

5. MYERS LL. Vaccination of cows with an
Escherichia coli bacterin for the prevention
of naturally occurring diarrheal disease in
their calves. Am J Vet Res 1976; 37:831-834.

6. McNULTY MS, LOGAN EF. Effect of
vaccination of the dam on rotavirus
infection in young calves. Vet Rec 1987;
120: 250-252.

7. SHARPEE RL, NELSON LD, SWIECZ-
KOWSKI TC, BECKENHAUER WH.
Enhancement of lactogenic immunity in
cattle against rotavirus, coronavirus and
Escherichia coli K99 by vaccination with an
inactivated and adjuvenated combination
vaccine. Proceedings Fourteenth World
Veterinary Congress on Diseases of Cattle.
World Association of Buiatrics, 1987.

371



8. DAUVERGNE M, LAPORTE J, REY-
NAUD G, SOULEBOT JP, BRUN A,
ESPINASSE J. Vaccination of dams with a
combined rotavirus-coronavirus vaccine to
protect newborn calves against diarrhea.
Proceedings Fourth International Sympo-
sium on Neonatal Diarrhea. Veterinary
Infectious Disease Organization, University
of Saskatchewan 1983; 4: 424-434.

9. SNODGRASS DR. Evaluation of a
combined rotavirus and enterotoxigenic
Escherichia coli vaccine in cattle. Vet Rec
1986; 1 19: 39-42.

10. SAS INSTITUTE INC. SAS User's Guide:
Basics, Version 5 Edition. Cary, North
Carolina: SAS Institute Inc., 1985.

11. DIXON WJ. BMDP Statistical Software
1985 Printing. University of California
Press, 1985.

12. ACRES SD, ISAACSON RE, BABIUK
LA, KAPITANY RA. Immunization of
calves against enterotoxigenic colibacillosis
by vaccinating dams with purified K99
antigen and whole cell bacterin. Infect
Immun 1979; 25: 121-126.

13. NAGY B. Vaccination of cows with a K.99
extract to protect newborn calves against
experimental enterotoxic colibacillosis.
Infect Immun 1980; 27: 21-24.

14. SNODGRASS DR, STEWART J, TAY-
LOR J, KRAUTIL FL, SMITH ML.
Diarrhoea in dairy calves reduced by

feeding colostrum from cows vaccinated
with rotavirus. Res Vet Sci 1982; 32: 70-73.

15. SAIF LJ, REDMAN DR, SMITH KL,
THEIL KW. Passive immunity to bovine
rotavirus in newborn calves fed colostrum
supplements from immunized and nonim-
munized cows. Infect Immun 1983; 41:
1118-1131.

16. WALTNER-TOEWS D, MARTIN SW,
MEEK AH, McMILLAN I, CROUCH
CF. A field trial to evaluate the efficacy of a
combined rotavirus-coronavirus/ Escheri-
chia coli vaccine in dairy cattle. Can J Comp
Med 1985; 49: 1-9.

17. BOYD JW, BAKER JR, LEYLAND A.
Neonatal diarrhea in calves. Vet Rec 1974;
95: 310-313.

18. FISHER EW, MARTINEZ AA, TRAI-
NIN Z, MEIRON R. Studies of neonatal
calf diarrhoea. II. Serum and faecal
immune globulins in enteric colibacillosis.
Br Vet J 1975; 131: 402-414.

19. GAY CC, ANDERSON N, FISHER EW,
McEWAN AD. Gamma globulin levels and
neonatal mortality in market calves. Vet
Rec 1965; 77: 148-149.

20. McEWAN AD, FISHER EW, SELMAN
IE. Observations on the immune globulin
levels of neonatal calves and their relation-
ship to disease. J Comp Pathol 1970; 80:
259-265.

21. GAY CC. Failure of passive transfer of
colostral immunoglobulin and neonatal

disease in calves: A review. Proceedings
Fourth International Symposium on
Neonatal Diarrhea. Veterinary Infectious
Disease Organization, University of Saskat-
chewan 1983; 4: 346-364.

22. JOHNSON SK, DEUTSCHER GH,
PARKHURST A. Relationship of pelvic
structure, body measurements, pelvic area
and calving difficulty. J Anim Sci 1988; 66:
1081-1088.

23. SELMAN IE, McEWAN AD, FISHER
EW. Studies on natural suckling in cattle
during the first light hours post partum. I.
Behavioural studies (dams). Anim Behav
1970; 18: 276-283.

24. KRUSE V. Yield of colostrum and
immunoglobulin in cattle at the first
milking after parturition. Anim Prod 1970;
12: 619-626.

25. BULGIN MS, WARD ACS, BARRETT
DP, LANE VM. Detection of rotavirus and
coronavirus shedding in two beef cow herds
in Idaho. Can Vet J 1989; 30: 235-239.

26. LOGAN EF. The influence of husbandry
on colostrum yield and immunoglobulin
concentration in beef cows. Br Vet J 1977;
133: 120-125.

27. PETRIE L, ACRES SD, McCARTNEY
DH. The yield of colostrum and colostral
gammaglobulins in beef cows and the
absorption of colostral gammaglobulins
by beef calves. Can Vet J 1984; 25: 273-
279.

372


